This Page Is Inserted by IFW Operations 
and is not a part of the Oifficial Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not. limited to): 

• BLACKBORDERS 

• TEXT CUT OFF At TOP, BOTTOM OR SIDES 

• JADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK Al^ WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not corriect images, 
please do not report the images to the 
Image Problem Mailbox. 



02/03/04 12:47 FAX 732 530 9808 MOSER PATTERSON SHERIDAN Q 

RESPONSE TO FINAL OFFICE ACTION 
Serial No. 10/026,738 
Page 2 of 26 

IN THE CLAIMS 

1 . (Currently Amended) A method of film deposition, comprising: 

lal fomiing a titanium nitride (TiN) layer on a substrate in a process 
chamber from a reaction of titanium tetrachloride CTiCU) and ammonia (NH^^) : 

fb) removing reaction by-products generated during titanium nitride (TiN) 
layer formation from the process chamber bv providina a purge a as thereto and 
evacuating both the puree cas and the reaction by-products therefrom : aft4 

fc) treating the titanium nitride (TIN) layer with a hydrogen-containing 
plasma prior to performing step fd^: and 

(d) exposing the titanium nitride (TiN) layer to a silicon-containing gas to 
convert the titanium nitride (TIN) layer to a titanium silicide nitride (TiSiN) layer. 

2. (Cancelled) 

3. (Currently Amended) The method of claim 2 1 wherein the purge gas 
comprises one or more gases selected from the group consisting of nitrogen (N2), 
hydrogen (H2), helium (He), argon (Ar), neon (Ne) and xenon (Xe). 

4. (Currently Amended) The method of claim 2 1 wherein the purge gas is 
provided to the process chamber for up to about 5 minutes. 

5. (Cancelled) 

6. (Original) The method of claim 1 wherein the siltcon-containing gas is 
selected from the group consisting of silane (SiH^) and disilane (Si2H6). 

7. (Original) The method of claim 6 wherein the silicon-containing gas is 
mixed with one or more gases selected from the group consisting of hydrogen 
(H2), nitrogen (N2), argon (Ar) and helium (He). 
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8. (Original) The method of claim 7 wherein the silicon-containing gas is 
mixed with hydrogen (H2). 

9. (Original) The method of claim 8 wherein the ratio of the silicon-containing 
gas to the hydrogen (H2) is greater than 1. 

10. (Cancelled) 

11. (Currently Amended) The method of claim 40 1 wherein the titanium 
nitride (TiN) layer is treated after reaction by-products generated during titanium 
nitride (TiN) layer formation are removed from the process chamber. 

12- (Currently Amended) The method of claim 4© 1 wherein the titanium 
nitride (TiN) layer is treated before reaction by-products generated during 
titanium nitride (TiN) layer formation are removed from the process chamber. 

13. (Currently Amended) The method of claim 44 1 wherein the hydrogen- 
containing plasma is generated by applying an electric field to a gas mixture 
comprising one or more gases selected from the group consisting of hydrogen 
(Hz), ammonia (NHa), and hydrazine (N2H4). 

14. (Cun-ently Amended) The method of claim 40 1 wherein the titanium 
nitride (TIN) layer is treated with the hydrogen-containing plasma for about 5 
seconds to about 1 00 seconds. 

1 5. (Currently Amended) A method of film deposition, comprising: 

(a) forming a titanium nitride (TiN) layer on a substrate in a process 
chamber, 

(b) removing reaction by-products generated during titanium nitride (TiN) 
layer formation from the process chamber bv providinq a purge gas thereto and 
evacuating both the purge gas and the reaction by-products therefrom : 
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(c) treating the titanium nitride (TIN) layer wrth a hydrogen-containing 
plasma; 

(d) removing reaction by-products generated during t i tanium nitrid e (TIN) 
treatm e nt proc ess step (c) from the process chamber by providing a purge gas 
thereto and evacuating both the purge gas and the reaction bv-products 
therefrom : and 

(e) exposing the titanium nitride (TIN) layer to a silicon-containing gas to 
convert the titanium nitride (TIN) layer to a titanium silicide nitride (TiSiN) layer. 

16. (Cancelled) 

17. (Currently Amended) The method of claim 4^ 15 wherein the purge gas 
comprises one or more gases selected firom the group consisting of nitrogen (Na)* 
hydrogen (H2), helium (He), argon (Ar), neon (Ne) and xenon (Xe). 

1 8. (Currently Amended) The method of claim 4# 15 wherein the purge gas is 
provided to the process chamber for up to about 5 minutes. 

19. (Original) The method of claim 15 wherein the titanium nitride (TIN) layer 
is fonned from a reaction of titanium tetrachloride (TiCU) and ammonia (NH3). 

20. (Original) The method of claim 15 wherein the silicon-containing gas is 
selected from the group consisting of silane (SihU) and disilane (Si2H6). 

21. (Original) The method of claim 20 wherein the silicon-containing gas is 
mixed with one or more gases selected from the group consisting of hydrogen 
(H2), nitrogen (N2), argon (Ar) and helium (He). 

22. (Original) The method of claim 21 wherein the silicon-containing gas is 
mixed with hydrogen (H2). 
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23. (Original) The method of claim 22 wherein the ratio of the silicon- 
containing gas to the hydrogen (Hz) is greater than 1. 

24. (Original) The method of claim 15 wherein the hydrogen-containing 
plasma is generated by applying an electric field to a gas mixture comprising one 
or more gases selected from the group consisting of hydrogen (H2), ammonia 
(NHa), hydrazine (N2H4), nitrogen (N2), argon (Ar) and helium (He). 

25. (Original) The method of claim 15 wherein the titanium nitride (TIN) layer 
is treated with the hydrogen-containing plasma for about 5 seconds to about 100 
seconds. 

26. (Currently Amended) A method of forming a bam'er layer for use In 
integrated circuit fabrication, comprising: 

fa) forming a titanium nitride (TiN) layer on a substrate in a process 
chamber from a reaction of titanium tetrachloride (TiCU) and ammonia (NH?>) : 

£bi removing reaction by-products generated during titanium nitride (TiN) 
layer formation from the process chamber bv orovidina a purge gas thereto and 
evacuating both the puroe gas and the reaction bv-products therefrom : 

(c^ treating the titanium nitride fTiN) layer with a hvdrogen-containing 
plasma prlor jo perfofrr^lpq st^p (d); 

(d) exposing the titanium nitride (TiN) layer to a silicon-containing gas to 
convert the titanium nitride (TiN) layer to a titanium silicide nitride (TiSiN) barrier 
layer; and 

(e) fomiing a metal layer on the titanium silickle nitride (TiSiN) layer. 

27. (Cancelled) 
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28. (Currently Amended) The method of daim 27 26 wherein the purge gas • 
comprises one or more gases selected from the group consisting of nitrogen (N2), 
hydrogen (H2), helium (He), argon (Ar), neon (Ne) and xenon (Xe). 

29. (Currently Amended) The method of claim 27 26 wherein the purge gas is 
provided to the process chamber for up to about 5 minutes. 

30. (Cancelled) 

31. (Original) The method of claim 26 wherein the silicon-containing gas is 
selected from the group consisting of silane (SiH4) and disilane (SiaHe). 

32. (Original) The method of claim 31 wherein the silicon-containing gas is 
mixed with one or more gases selected from the group consisting of hydrogen 
(H2). nitrogen (N2), argon (Ar) and helium (He). 

33. (Original) The method of claim 32 wherein the silicon-containing gas is, 
mixed with hydrogen (Ha). 

34. (Original) The method of claim 33 wherein the ratio of the silicon- 
containing gas to the hydrogen (H2) is greater than 1 . 

35. (Cancelled) 

38. (Currently Amended) The method of claim ^ 26 wherein the titanium 
nitride (TiN) layer is treated after reaction by-products generated during titanium 
nitride (TiN) layer formation are removed from the process chamber. 

37. (Currently Amended) The method of claim ^ 26 wherein the titanium 
nitride (TiN) layer is treated before reaction by-products generated during 
titanium nitride (TiN) layer formation are removed from the process chamber. 
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38. (Currently Amended) The method of claim S5 26 wherein the hydrogen- 
containing plasma is generated by applying an electric field to a gas mixture 
comprising one or more gases selected from the group consisting of hydrogen 
(H2), ammonia (NH3), and hydrazine (N2H4). 

39. (Currently Amended) The method of claim 35 26 wherein the titanium 
nitride (TIN) layer is treated with the hydrogen-containing plasma for about 5 
seconds to about 100 seconds. 

40. (Currently Amended) A method of film deposition, comprising: 

(a) forming a titanium nitride (TiN) layer on a substrate in a first process 
chamber; 

(b) treating the titanium nitride fTiN^ layer with a hvdroaen-containinq 
Plasma oriorto performing step (d): 

(c) moving the substrate with the titanium nitride (TiN) layer thereon into a 
second process chamber different from the first process chamber; and 

(d) exposing the titanium nitride (TIN) layer to a silicon-containing gas to 
convert the titanium nitride (TiN) layer to a titanium silicide nitride (TiSiN) layer. 

41. (Original) The method of claim 40 wherein the titanium nitride (TiN) layer 
Is formed from a reaction of titanium tetrachloride (TiCU) and ammonia (NH3). 

42. (Original) The method of claim 40 wherein the silicon-containing gas is 
selected from the group consisting of silane (SiH4) and disilane (Si2H6). 

43. (Original) The method of claim 42 wherein the silicon-containing gas is 
mixed with one or more gases selected from the group consisting of hydrogen 
(H2), nitrogen (N2), argon (Ar) and helium (He). 
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44. (Original) The metHod of claim 43 wherein the silicon-containing gas is 
mixed with hydrogen (H2). | 

■i 

i 

45. (Original) The method of claim 44 wherein the ratio of the silicon- 
containing gas to the hydrogen (H2) is greater than 1. 



46. (Cancelled) 



47. (Currently Amended) The method of claim 4& 40 wherein the titanium 
nitride (TIN) layer is treated after moving the substrate into the second process 
chamber. 

48. (Currently Amendedj) The method of claim 46 40 wherein the titanium 
nitride (TIN) layer is treated before moving the substrate into the second process 
chamber. 

49. (Currently Amended) The method of claim 4S 40 wherein the hydrogen- 
containing plasma is geneirated by applying an electric field to a gas mixture 



comprising one or more gases selected from the group consisting of hydrogen 

(H2), ammonia (NHa), and hydrazine (N2H4). 

I 
I 

50. (Currently Amendeci) The method 6f daim 4@ 40 wherein the titanium 
nitride (TiN) layer is treated with the hydrogen-containing plasma for about 5 
seconds to about 100 seconds. 



51 . (Currently Amended; 

(a) fbrming a titaniupi 
chamber; 

(b) removing reaction 
layer formation from the first 
and evacuating both the purae 



A method of film deposition, comprising: 
nitride (TIN) layer on a substrate in a first process 



by-products generated during titanium nitride (TiN) 
process chamber bv provldino a purge gas thereto 
gas and the reaction bv-products therefrom: 
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(c) treating the titanium nitride (TiN) layer with a hydrogen-containing 

i 

plasma; 

(d) moving the substrate with the titanium nitride (TiN) layer thereon into a 
second process chamber different from the Ijirst process chamber; and^ 

(e) exposing the titanium nitride (TiN) layer to a silicon-containing gas to 
convert the titanium nitride (TiN) layer to a titanium siiicide nitride (TiSIN) layer. 



52. (Cancelled) 



1 



53. (Currently Amended) The method ojf claim §2 51 wherein the purge gas 
comprises one or more gashes selected fromjthe group consisting of nitrogen (N2), 
hydrogen (H2), helium (He)j argon (Ar), neoiji (Ne) and xenon (Xe). 

1 i 

54. (Currently Amended) The method of [claim S3 51 wherein the purge gas Is 

% I 
provided to the process first chamber for up |to about 5 minutes. 



55. (Original) The metrod of claim 51 wherein the titanium nitride (TiN) layer 
is fomned from a reaction of titanium tetrachloride (TiCU) and ammonia (NH3); 



56, 



(Original) The met|od of daim 51 wherein the silicon-containing gas is 
selected from the group consisting of siiane KSiH4) and disilane (SiaiHe)^ 

1 i 

57. (Original) The method of claim 56 yvherein the silicon-containing gas is 
mixed with one or more gases selected frcpm the group consisting of hydrogen 
(H2), nitrogen (N2), argon (Ar) and helium (H[b). 



58. (Original) The method of claim ST^yvherein the silicon-containing gas Is 
mixed with hydrogen (H2). j . 1 

■ 

i •: 
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59. (Original) The method of claim 58 wherein the ratio of the silicon- 
containing gas to the hydrogen (H2) is greater than 1 . 

'i 

60. (Previously Amended) The method jof claim 51 wherein the hydrogen- 
containing plasma is generated by applying an electric field to a gas mixture 
comprising one or more gases selected from the group consisting of hydrogen 
(H2), ammonia (NH3). and hydrazine (NsHa):! 

61. (Original) The method of claim 51 wherein the titanium nitride (TIN) layer 
is treated with the hydrogen-containing plasma for about 5 seconds to about 100 
seconds. 

'i 

62. (Currsntly Amended) A method Qf . forming a barrier layer for use in 
integrated circuit fabrication, comprising: ;; 

•J 

(a) forming a titanium nitride (TIN) layer on a substrate in a first process 

• i 

chamber; {, 

fb^ treating the titanium nitride mrji) laver with a hvdrDQen-containing 
pl^smqi prior to perfomiing ^tep W); J 

(c) moving the substrate with the titanium nitride (TIN) layer thereon into a 
second process chamber different from the 'first process chamber; 

fd) exposing the titanium nitride (TIN) layer to a silicon-containing gas to 

convert the titanium nitride (TIN) layer to a. titanium silicide nitride (TiSiN) barrier 

i 

layer; and | 

{gl forming a metal layer on the titanium silicide nitride (TISiN) layer. 

! 

I 

63. (Original) The method of claim 62 vt^herein the titanium nitride (TIN) layer 
Is fomied from a reaction of titanium tetrachloride (TiCU) and ammonia (NHs). 
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64. (Original) The method of clarm 62 vyherein the silicon-containing gas is 
selected from the group consisting of silane (Sil-U) and disiiane (SiaHe). 



65. (Original) The method of claim 64 ^wherein the silicon-containing gas is 
mixed with one or more gases selected frdpf) the group consisting of hydrogen 
(Hj), nitrogen (N2), argon (Ar) and helium (H^). 

66. (Original) The method of claim 65 Wherein the silicon-containing gas is 
mixed with hydrogen (Hj). 



67. (Original) The method of claim 66 wherein the ratio of the slllcon- 
containing gas to the hydrogen (H2) is greater than 1. 



68. (Cancelled) 



69. (Currently Amended) The method .of claim 68 6g wherein the titanium 
nitride (TiN) layer is treated after the substrate with the titanium nitride (TIN) layer 
thereon is moved into the second process chamber. 

i 

; 1 

70. (Cun^ntly Amended) The method jpf claim 6& 62 wherein the titanium 
nitride (TIN) layer is treated before the sutistrate with the titanium nitride (TiN) 

'i 

layer thereon is moved into the second process chamber. 



72. (Cunrently Amended) The method of claim ©8 82 wherein the hydrogen- 
containing plasma is generated by applying an electric field to a gas mixture 

'I' 

comprising one or more gases selected from the group consisting of hydrogen 
(H2), ammonia (NH3), and hydrazine (N2H4)1| 



73. (Currently Amended) The method jbf claim 88 g2 wherein the titanium 
nitride (TIN) layer is treated with the hydhogen-contalning plasma for about 5 
seconds to about 100 seconds. 
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